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MANUFACTURING METHOD OF SEMICONDUCTOR INTEGRATED CIRCUIT 

INCLUDING SIMULTANEOUS FORMATION OF VIA HOLE REACHING 
METAL WIRING AND CONCAVE GROOVE IN INTERLAYTER FILM AND 
SEMICONDUCTOR INTEGRATED CIRCUIT MANUFACTURED WITH THE 
5 MANUFACTURING METHOD 

BACKGROUND OF THE INVENTION 
1. Field of the Invention: 

The present invention relates to a manufacturing 
method of a semiconductor integrated circuit including 
simultaneous formation of a via hole reaching a meta:l 
wiring and a concave groove in an interlayer film, and a 
semiconductor integrated circuit manufactured with the 
w manufacturing method. 

I- 15 2. Description of the Relate Art: 
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are required for semiconductor integrated circuits, and 
various manufacturing methods and materials for use are 
under study. Conventionally, polysilicon and aluminum 
have often been used for wirings in the semiconductor 
integrated circuits. However, materials with lower 
resistance are needed to realize higher performance and 
finer size of the semiconductor integrated circuits. 

To address such a need, the use of copper has been 
proposed to form fine wirings in a semiconductor 
integrated circuit. However, copper has properties which 



make patterning with etching difficult , and has low 
corrosion resistance. Thus, a dual damascene method has 
been developed as a method of manufacturing a 
semiconductor integrated circuit in which metal wirings 
made of copper are formed within and on a surface of an 
interlayer film and the metal wirings are connected to 
each other with a contact made of copper. 

A prior art of the method of manufacturing a 
semiconductor integrated circuit with the dual damascene 
method is hereinafter described with reference to Fig. 1A 
to Fig. 4C. The drawings of Fig. 1A to Fig. 4C are front 
section views sequentially showing manufacturing steps of 
a semiconductor integrated circuit. 

First, semiconductor integrated circuit 100 to be 
manufactured in this case is described. As shown in Fig. 
4C, semiconductor integrated circuit 100 comprises lower 
interlayer film 101 made from Si0 2 and upper interlayer 
film 102. Upper interlayer film 102 is disposed on 
stopper film 115 layered on the surface of the lower 
interlayer film 101. Lower metal wiring 103 made of 
copper is embedded in an upper portion of lower 
interlayer film 101. Upper metal wiring 104 made of 
copper is also embedded in an upper portion of upper 
interlayer film 102, and connecting wiring 105 formed 
integrally with upper metal wiring 104 is connected to 
lower metal wiring 103. 



Lower metal wiring 103 and upper metal wiring 104 
extend, for example, in a direction passing through the 
drawing (hereinafter referred to as "f ront-to-back 
direction"). Connecting wiring 105 is formed to have the 
front-to-back length identical to the left-to-right width, 
for example. Connecting wiring 105 which does not extend 
in the front-to-back direction connects lower metal 
wiring 103 to : upper metal wiring 104 at one point. 

As a typical method of manufacturing semiconductor 
integrated circuit 100 configured as described above, as 
shown in Fig. 1A, lower interlayer film 101 made from 
Si0 2 with a predetermined thickness is formed on a 
surface of silicon substrate 100, and . a photoresist (not 
shown) is applied on the surface thereof and then 
patterned to form a resist mask (not shown). Lower 
interlayer film 101 is dry etched through an opening in 
the resist mask, thereby forming concave 111 with a 
predetermined depth on the surface of lower interlayer 
film 101 as shown in Fig. IB. 

After concave 111 is completed, the resist mask is 
removed with plasma processing and organic removal in an 
atmosphere of 0 2 . Then, as shown in Fig. 1C, tantalum 
film 112 and copper film 113 are sequentially formed with 
sputtering on the surface of exposed lower interlayer 
film 101. 

Next, as shown in Fig. ID, plating film 114 made of 



copper is formed on the surface of copper film 113 to 
fill concave 111. As shown in Fig. IE, plating film 114, 
copper film 113, and tantalum film 112 are polished 
flatly with CMP (Chemical Mechanical Polishing) until the 
surface of lower interlayer film 101 is exposed. 

Next, as shown in Fig. 2A, stopper film 115 made 
from SiN is grown to have a thickness of 500 [A], for 
example, on the surface of the flatly polished surface 
with a plasma CVD (Chemical Vapor Deposition) process. 
Then, upper interlayer film 102 made from Si0 2 is grown 
to have a thickness of 12000 [A], for example, on the 
surface of stopper film 115 with the plasma CVD process. 

Resist. mask 116 with an opening above upper metal 
wiring 103 is then formed on the surface of upper 
interlayer film 102, and upper interlayer film 102 is 
etched through the opening in resist mask 116, thereby 
forming via hole 117 extending from the surface of upper 
interlayer film 102 to the surface of stopper film 115 at 
the position opposite to lower metal wiring 103. 

Resist mask 116 is removed after via hole 117 is 
formed. As shown in Fig. 2C, ARC (Anti Reflective 
Coating) film 118 serving as an organic film is formed to 
have a thickness of 2000 [A] on the surface of upper 
interlayer film 102, and the material of ARC film 118 is 
filled in via hole 117. 

Resist mask 119 with an opening wider than via hole 



117 is formed to have a thickness of 8000 [A], for 
example, on the surface of ARC film 118. Then, in an 
atmosphere where an etching gas formed by mixing "C^Fq 



at a pressure of approximately 30 [mJpeTl], ARC film 118 
is plasma etched through the opening in resist mask 119 
as shown in Fig. 2D. The mixing ratio of 
"C 4 F 8 ":"0 2 ":"Ar" is "20: 10:200", for example. 

After ARC film 118 is plasma etched, the etching 
gas is changed to "C 4 F 8 " only, and as shown in Fig. 3A, 
ARC film 118 and upper interlayer film 102 are 
simultaneously plasma etched through the opening in 
resist mask 119 to form concave groove 120 which is wider 
than via hole 117. The depth of concave groove 120 is 
4000 [A] which does not reach stopper film 115. 

At this point, since the etching rate of the plasma 
etching of upper interlayer film 102 and ARC film 118 
with the etching gas including "C 4 F 8 " is approximately 
"4000 A/min," the depth of concave groove 120 can be 
adjusted to 4000 [A] by performing the etching for 1 
minute . 

Next, by means of plasma processing with "O2" and 
removal processing with an amine organic remover, resist 
mask 119 and ARC film 118 are removed as shown in Fig. 3B 
to expose stopper film 115 at the bottom of via hole 117. 
It should be noted that while lower metal wiring 103 made 



and 



O2," and an inert gas including 




are maintained 



,c/VV 



of copper has low corrosion resistance, it is not 
subjected to corrosion since lower metal wiring 103 is 
shielded from surrounding environments by stopper film 
115 when resist mask 119 and ARC film 118 are removed as 
described above. 

Subsequently, in an atmosphere of an etching gas 
formed by mixing "CHF 3 " and "0 2 ," and an inert gas 
including "Ar," stopper film 115 exposed at the bottom of 
via hole 117 is plasma etched with upper interlayer film 
102 used as a mask to expose lower metal wiring 103 at 
the bottom of via hole 117 as shown in Fig. 3C. The 
mixing ratio of "CHF 3 " : "0 2 " : "Ar" is also "20: 10:200", for 
example . 

In this state, the exposed surfaces of upper 
interlayer film 102 and lower metal wiring 103 are 
cleaned with an amine organic remover, and as shown in 
Fig. 4A, tantalum nitride film 121 and copper film 122 
are sequentially formed on the cleaned surfaces with 
sputtering. Thus, tantalum nitride film 121 and copper 
film 122 are formed to cover the upper surface of upper 
interlayer film 102 and the inner surfaces of concave 
groove 120 and via hole 117. 

Then, as shown in Fig. 4B, plating film 123 made of 
copper is formed on the surface of copper film 122. At 
this point, the material of plating film 123 is filled in 
concave groove 12 0 and via hole 117. 



Plating film 123 , copper film 122, and tantalum 
nitride film 121 are flatly polished with the CMP until 
the surface of upper interlayer film 102 is exposed, 
thereby upper metal wiring 104 embedded in concave groove 
120 and connecting wiring 105 embedded in via hole 117 
are formed as shown in Fig. 4C. With the aforementioned 
steps, semiconductor integrated circuit 100 is completed. 

The approach for simultaneously forming via hole 
117 with a relatively small width and concave groove 120 
with a relatively large width is usually called a dual 
damascene method. For the aforementioned interlayer 
films 101 and 102, a film with a low permittivity may be 
used other than the Si0 2 films. For the film with a low 
permittivity, a hydrogen-containing silicon oxide film or 
an organic substance-containing silicon oxide film may be 
used. 

For the material of ARC film 118, polyvinylphenol 
or polymethylmetacrylate added to a base resin made from 
polyimide or novolac may be used. For the material of 
the resist, a novolac resin or a polyimide resin may be 
used. 

The manufacturing of semiconductor integrated 
circuit 100 with the aforementioned method enables 
concave groove 12 0 with a relatively large width to be 
formed on via hole 117 with a relatively small width. 
Thus, it is possible to form a structure in which lower 



metal wiring 103 made of copper embedded in lower 
interlayer film 101 is connected to upper metal wiring 
104 made of copper embedded in upper interlayer film 102 
through connecting wiring 105 in via hole 117. 

However, when ARC film 118 and upper interlayer 
film 102 are simultaneously plasma etched with the 
etching gas including "C4F8" as shown in Fig. 3A, the 
etching rate for ARC film 118 is actually lower than that 
of upper interlayer film 102. Thus, the plasma etching 
proceeds in a state in which ARC film 118 projects from 
the surface of upper interlayer film 102 at the bottom of 
concave groove 12 0. 

In addition, the etching gas including "C 4 F 8 " is 
likely to produce deposition of fluorocarbon base from 
what is decomposed in the plasma or a reaction product. 
Thus, if the plasma etching proceeds in a state in which 
ARC film 118 projects from the surface of upper 
interlayer film 102 at the bottom of concave groove 12 0 
as described above, depositions 124 tend to accumulate on 
the sides of ARC film 118 projecting from the surface of 
upper interlayer film 102 as shown in Fig. 5. 

Depositions 124, if accumulated in this manner, 
serve as masks to inhibit the progression of the plasma 
etching thereunder. Thus, when ARC film 118 in via hole 
117 is removed after the completion of the simultaneous 
etching of ARC film 118 and upper interlayer film 102, a 
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disadvantage of remaining depositions 124 around the 
opening of via hole 117 occurs as shown in Fig. 6. 

Such depositions 124 remaining around the opening 
of via hole 117 prevent the formation of upper metal 
wiring 104 in a favorable shape , and result in defects 
such as breaks. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide 
a method of manufacturing a semiconductor integrated 
circuit in which no deposition remains around the opening 
of a via hole even when an upper interlayer film and an 
organic film are simultaneously plasma etched with a dual 
damascene method for forming a concave groove on the via 
hole . 

In an aspect of the method of manufacturing a 
semiconductor integrated circuit of the present invention, 
when an upper interlayer film and the material of an 
organic film embedded in a via hole formed in the upper 
interlayer film are simultaneously plasma etched through 
an opening in a resist mask, the etching rate for the 
organic film material with an etching gas is higher than 
the etching rate for the upper interlayer film. 
Therefore, since the plasma etching does not proceed in a 
state in which the material of the organic film projects 
from the bottom of a concave groove formed in the upper 



interlayer film, and the production of depositions is 
prevented. 

With aforementioned relationship of the etching 
rates, the plasma etching proceeds in a state in which 
the organic film material is dented from the bottom of 
the concave groove formed in the upper interlayer film. 
However, depositions tend to accumulate in terms of 
properties on the sides of the dent in the upper 
interlayer film. 

In another aspect of the method of manufacturing a 
semiconductor integrated circuit of the present invention, 
the etching gas comprises a molecular structure which 
produces no deposition. Thus, depositions do not 
accumulate at portions such as a difference in height 
formed when the upper interlayer film and the organic 
film are simultaneously plasma etched with the dual 
damascene method. 

In another aspect of the present invention, the 
etching gas may include the number of atoms of fluorine 
contained in the molecular structure three times or more 
than the number of atoms of carbon. In this case, since 
the number of the fluorine atoms contained in the 
molecular structure of the etching gas is relatively 
large, the etching rate for the organic film is higher 
than the etching rate for the upper interlayer film in 
terms of properties . Since the number of the carbon 



atoms contained in the molecular structure of the etching 

gas is relatively small, depositions are unlikely to be 

produced. Such an etching gas may comprise "CF4" or 

"C 2 F 6 " , for example. 

In another aspect of the present invention , the 

pressure xn an atmosphere may be "100 [x&oH:]" or more, 

even "300 to 400 [nSS?]^'- In this casef\ince the high 

N 

pressure of the etching gas increases the probability of 
the collision of ions, moving ions in various directions 
are produced to cause isotropic plasma etching, thereby 
sequentially removing depositions which may slightly 
accumulate . 

The above and other objects, features and 
advantages of the present invention will become apparent 
from the following description with reference to the 
accompanying drawings which illustrate examples of the 
present invention . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1A to Fig. IE are front section views for 
showing first to fifth steps of a conventional method of 
manufacturing a semiconductor integrated circuit with a 
dual damascene method; 

Fig. 2A to Fig. 2D are front section views for 
showing sixth to ninth steps of the manufacturing method; 

Fig. 3A to Fig. 3C are front section views for 



showing tenth and eleventh steps of the manufacturing 
method; 

Fig. 4A to Fig. 4C are front section views for 
showing twelfth to fourteenth steps of the manufacturing 
method; 

Fig. 5 is a front section view showing a state in 
which depositions accumulate on the sides of an ARC film 
projecting from the surface of an upper interlayer film 
in the manufacturing method; 

Fig. 6 is a front section view showing a state in 
which depositions remain around the opening of a via hole 
in the manufacturing method; and 

Fig. 7 A to Fig. 7C are front section views showing 
main steps in a method of manufacturing a semiconductor 
integrated circuit in an embodiment of the present 
invention . 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

An embodiment of the present invention is 
hereinafter described with reference to Fig. 7A to Fig. 
7C. In the embodiment, however, portions identical to 
those in the aforementioned prior art are indicated with 
the same names and reference numerals, and description 
thereof is omitted. 

Semiconductor integrated circuit 100 of the 
embodiment has the same structure after completion as 



that of the aforementioned prior art. In a method of 
manufacturing semiconductor integrated circuit 100 of the 
embodiment, similarly to the prior art manufacturing 
method, upper interlayer film 102 is disposed above the 
surface of lower interlayer film 101 including lower 
metal wiring 103 embedded therein through stopper film 
115, and via hole 117 is formed to extend from the 
surface of upper interlayer film 102 to the position on 
the surface of stopper film 115 opposite to lower metal 
wiring 103 (see Fig. 2B). 

ARC film 118 is formed on the surface of upper 
interlayer film 102, and the material of ARC film 118 is 
embedded in via hole 117 (see Fig. 2C). Resist mask 119 
with an opening wider than via hole 117 is formed on the 
surface of ARC film 118. Then, as shown in Fig. 7A, ARC 
film 118 is plasma etched through the opening in resist 
mask 119. 

The etching gas is changed after the completion of 
the plasma etching of ARC film 118. As shown in Fig. 7B, 
upper interlayer film 102 and ARC film 118 are 
simultaneously plasma etched through the opening in 
resist mask 119 to form concave groove 120 wider than via 
hole 117. The depth of concave groove 120 is set to a 
predetermined depth which does not reach stopper film 115. 

Subsequently, the material of ARC film 118 
remaining in via hole 117 at the bottom of plasma etched 
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concave groove 120 is removed. Stopper film 115 
positioned at the bottom of via hole 117 after the 
removal of the material is etched to expose lower metal 
wiring 103 as shown in Fig. 7C. 

In the embodiment , however , "CF 4 " is used as the 
etching gas when ARC film 118 and upper interlayer film 
102 are simultaneously plasma etched with the dual 
damascene method, unlike the aforementioned prior art. 

More specif ically, when ARC film 118 is plasma 
etched through the opening in resist mask 119 as shown in 
Fig. 7A, the surrounding environment is set to a state in 
which an etching gas formed by mixing "CF 4 " and "0 2 ," and 
an inert gas including "Ar" are maintained at a pressure 
of "300 to 400 [BftTgll]". On the other hand, when ARC 
film 118 and upper interlayer film 102 are simultaneously 
plasma etched through the opening in resist mask 119 as 
shown in Fig. 7B after the completion of the 
aforementioned plasma etching, the etching gas is changed 
to "CF 4 ". 

The mixing ratio of "CF 4 " : "O2" : "Ar" at the plasma 
etching of ARC film 118 is "100:10:500", for example. 
The mixing ratio of "CF 4 ":"Ar" at the simultaneous plasma 
etching of ARC film 118 and upper interlayer film 102 is 
"100:50", for example. 

In the embodiment, when ARC film 118 and upper 
interlayer film 102 are simultaneously plasma etched 



through the opening in resist mask 119 with the dual 
damascene method, U CF 4 " is used for the etching gas 
unlike the prior art. 

In the plasma etching using "CF 4 " for the etching 
gas, the etching rate for ARC film 118 is higher than the 
etching rate for upper inter layer film 102 in terms of 
properties. For this reason, as shown in Fig. 7B, the 
plasma etching does not proceed in a state in which the 
material of ARC film 118 projects from the surface of 
upper interlayer film 102 at the bottom of concave groove 
120. Thus, no projection of the material of ARC film 118 
is formed and no deposition accumulates on the sides of 
such a projection. 

In addition, since the etching gas including "CF 4 " 
has the number of atoms of fluorine contained in a 
molecular structure three times or more than the number 
of atoms of carbon, and the number of carbon atoms is 
relatively small and the number of fluorine atoms is 
relatively large, depositions of fluorocarbon base are 
unlikely to occur in terms of properties. Also, in the 
embodiment, since the pressure of the etching gas is as 
high as "300 to 4 00 [-a T o ll ] " f the Brownian movement of 
the molecules is active to cause isotropic plasma etching, 
thereby sequentially removing gradually accumulated 
depositions on the top from all directions. 

As a result, in the embodiment, when upper 



interlayer film 102 and ARC film 118 are simultaneously 
plasma etched through the opening in resist mask 119 with 
the dual damascene method, the disadvantage of 
depositions of fluorocarbon base around the opening of 
5 via hole 117 is not produced as shown in Fig. 7C. 

While the aforementioned description takes an 
example in which the etching gas includes "CF 4 ", the 
etching gas may include "C 2 F 6 ". In addition, the 
aforementioned description takes an example in which the 
p. 10 pressure of the etching gas is "300 to 400 [J^^^y" f the 

/~ pressure may be any which is "100 [mTOTl ] " or higher. 
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The aforementioned description shows that the 

! ,A 

'•3 production of depositions is prevented around the opening 

*,3 of via hole 117 in the structure in which via hole 117 

i! 

I- 15 with a relatively small width positioned at the bottom of 

ru 

fij concave groove 120 with a relatively large width. It 

q should be noted that concave groove 120 extends in the 

n 

front-to-back direction and via hole 117 does not extend 
in the front-to-back direction as described above. Thus, 

20 even when concave groove 120 has the same width as via 
hole 117 or even when via hole 117 has a width larger 
than concave groove 120, the present invention is 
applicable since a difference in height is present in 
which depositions may occur around of the opening of via 

25 hole 117 in the front-to-back direction. 

While preferred embodiments of the present 
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invention have been described using specific terms, such 
description is for illustrative purposes only, and it is 
to be understood that changes and variations may be made 
without departing from the spirit or scope of the 
5 following claims. 
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